8
Pulsed lavage in cementless total hip arthroplasty reduces the incidence of Brooker grade 3 and 4 heterotopic ossifications
INTRODUCTION
Heterotopic ossification (HO) is a well-known complication after total hip arthroplasty (THA). The incidence of HO varies from 8% to 90% depending on risk factors and the criteria used.
1, 2 A large meta-analysis of 13 randomized trials, involving 4129 individuals treated with Non Steroid Anti Inflammatory Drugs (NSAIDs) after major hip surgery, reported an overall HO incidence of 37%. 3 Especially advanced stages of HO, Brooker grades 3 and 4, are clinically relevant because of pain and hip function impairment. [4] [5] [6] The exact aetiology of HO remains unclear. Pulsed lavage around the hip joint and gluteal muscles may prevent HO formation by washing out the primitive mesenchymal cells. It is inexpensive and has no known side effects. Only one study on the effect of pulsed lavage has been published and suggested no protective effect on HO formation. 1 In this study, however, all patients received lavage; pulsed or manual with a syringe. Aim of the current study was to determine whether pulsed lavage compared to no lavage resulted in less clinically relevant HO formation after cementless THA in male patients. All patients received a unilateral plasma sprayed porous coated titanium alloy cementless total hip prosthesis with a polyethylene liner (Mallory-Head, Biomet, Warsaw, Indiana, USA) through a standard posterolateral approach. No lavage or irrigation was used in the control group. The index group received pulsed lavage with a total of 1 litre saline at 2 time points; 1: 500 mL after implantation of cup and stem with the hip in dislocated position and 2: 500 mL after reposition. Pulsed lavage was performed with the OptiLavage system (Biomet) in and around the joint and gluteal muscles. After surgery a suction drain was used in all patients routinely. According to protocol no NSAIDs were given postoperatively in both groups. The rehabilitation programme was similar for both groups, and consisted of full weight bearing from the first day after surgery.
METHODS
HO formation was scored using the Brooker classification on standardized supine anteroposterior pelvic radiographs at time of follow-up.
14 Three blinded orthopaedic surgeons scored all radiographs to assess inter-observer variability. 5 The mode of the 3 observers was used as definitive Brooker score when disagreement in HO rating occurred.
Baseline characteristics of both groups are displayed using descriptive statistics. Differences between groups were tested with Student's T-test or Mann-Whitney U-test in case of non-normal distribution of a parametric variable or non-parametric variable.
Interobserver agreement between the 3 observers in scoring of HO formation using the Brooker classification was determined with the kappa statistics. Numbers and percentages of the amount of HO formation in both groups were calculated. Brooker scores were divided into 2 groups: grades 1 and 2 (clinically irrelevant) and grades 3 and 4 (clinically relevant). [4] [5] [6] 
RESULTS
Both groups were equal regarding aetiology, gender, surgical approach, type of prosthesis, and time of follow-up. The index group was significantly (p=0.002) older with a mean age of 62 years as compared to the control group mean age of 55 years (Table 1) . Table 1 . Baseline characteristics for the index and control groups.
Index Control N=39 N=48
Follow up, months (mean, SD) 12 (7) 15 (8) Age, years (mean, SD) ª 62 (9) 55 (10) ª p = 0.002
Good inter-observer agreement (K=0.7) for scoring HO formation according to the Brooker classification was found (Table 2) . 
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DISCUSSION
Our results demonstrated significantly less severe HO formation (Brooker grades 3 and 4) with the use of pulsed lavage in male patients treated for symptomatic primary hypertrophic coxarthrosis with uncemented THA.
The present study was limited that a historical control group was used as comparison.
Patients were not randomized, which may prevent correction for unknown confounding factors that may affect formation of heterotopic bone. Secondly, although our population was homogeneous with respect to gender, aetiology, type of prosthesis, surgical approach, and rehabilitation protocol, the index group was significantly older. Advanced age at surgery is a risk factor for HO after THA . 15 This would suggest that the effect of pulsed lavage is even greater than our results have shown. Thirdly, we only used a radiological outcome at one-year follow-up and no clinical scores were assessed. However, several studies have shown that radiological Brooker grades 3 and 4 correlate positively with clinically relevant HO formation. [4] [5] [6] Also a follow-up of one year seems appropriate because HO will be evident and stable in size at 6 weeks postoperatively, while maturation of formed HO takes place up to 6 months after surgery. 16 A wide range (8-90%) in HO incidence after THA has been described. 1, 11, 15 These differences may depend on the reliability of the HO classification system used. Different systems have been suggested for assessing HO formation. Toom et.al 17 reported high inter-observer reliability for three methods assessing HO formation (Arcq, k=0.9
18
; DeLee, k=0.9
19
; Della Valla, k=0.9 5 ). We used the widely accepted and most frequently used Brooker's classification. 20 A recent study showed good inter-observer agreement (k=0.8) for assessing HO formation with the Brooker's classification. 17 We also found good inter-observer agreement (k=0.7) between three experienced blinded orthopaedic surgeons for scoring HO on standard anteroposterior pelvic radiographs. More likely, heterogeneity among studies contributes to the various incidences of HO reported. A recent report on 134 patients who had a cementless hydroxyapatite-coated THA without pharmacologic or radiotherapeutic prophylaxis, showed 67% HO formation. 21 Another randomized study reported 31% HO formation in 97 patients treated with cementless total hip arthroplasty. 22 A systematic overview of 201 studies showed the incidence of any heterotopic bone formation to be 43% after total hip replacement, the incidence of severe HO was 9%. 20 However, information on patient characteristics, use of heterotopic bone formation prophylaxis, NSAID use and details of surgery and follow-up were incompletely reported and generally available for less than one-quarter of the included studies. Risk factors for HO have been recognized and include male sex and posterolateral approach, hypertrophic osteoarthritis. 10, 11 Our study population was selected for these known risk factors, and HO formation was found in 51% of the cases in the index group versus 58% in the control group. wounds were irrigated with 1000 mL of saline. 25 Although no pulsatile lavage was used, wound lavage may have had an additional beneficial effect, causing the low incidence of HO.
CONCLUSION
In conclusion our study showed significantly less Brooker grades 3 and 4 heterotopic ossifications after cementless THA in male patients treated with pulsed lavage. This suggests a positive effect of pulsed lavage on preventing clinically relevant HO formation.
Future randomized studies may elucidate the role of pulsed lavage better.
